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Indian Standard 

GUIDE FOR 

INSULATION CO-ORDINATION 

WITHIN LOW-VOLTAGE SYSTEMS 

0. FOREWORD 

0*1 This Special Publication was adopted by the Indian Standards Institu- 
tion on 23 February 1987, after the draft finalized by the High Voltage 
Techniques Sectional Committee had been approved by the Electrotechni- 
cal Division Council. 

d.2 This guide deals with the principles which govern insulatiob co^ 
ordination in low voltage installations. It also provides guidance for 
specifying creepage distances and clearances in air for low-voltage equip- 
ment in such a manner that insulation coordination in the installation 
becomes {xasible, and that coordination between different apparatus used 
in the same or different situations is rationalized. Further, the standard 
also provides data to the relevant equipment committees dealing with low 
voltage equipment to specify interned insulation. 

0.3 Ovcrvoltages in LV systems originate from the following causes: 

a) load fluctuations, 

b) switching operations, resonances and faults, and 

c) lightening discharges. 

In the past, adequate attention was not given to the nature and 
effects of these overvoltages. However increased application of miniaturized 
electronics in consumer and industrial products has focussed attention on 
the need to study overvoltage phenomena in LV systems. These overvol- 
tages also affect common LV consumer installations and equipment therein 
such as motors, switchgear, appliances, lamps, energy meters and 
luminaires. 

0.4 Within the country, the various utilities and manufacturers have come 
across failures of LV equipment identified above, altributable to overvol- 
tages. Even though exhaustive studies as would be required on an issue 
like this have not been carried out, experts are of the view that there is 



SPt39-1987 

a need for proving through tests, the adequacy of design of these equip- 
ment to withstand overvOitagcs. Unless al! the issues involved in insulation 
coordination are adequately considered and systematically dealt with, it 
is likely that over-insulated designs, would result thus making the equip- 
ment expensive and not necessarily reliable. 

0,5 Insulation co-ordination can only be achieved if transient overvoUages 
are controlled to specified levels. Numerous types of ovcrvoltage control 
means are available, but in addition to the special devices for this purpose, 
many of the existing clearances actually serve as voltage limiting means by 
flashing over without consequential fault current, when the energy in the 
transient overvoltage wave is too low to ionize the gap sufficiently to 
initiate a fault current. In this Guide it was assumed that such means exist 
in the system, and therefore, controlled voltage systems are the basis for 
the standardized values of impulse withstand voltage. For the purpose of 
insulation co-ordination it is, therefore, absolutely essential to establish 
standardized impulse voltage levels. 

0.6 The High Voltage Techniques Sectional Committee, ETDG 19, which 
had prepared this Guide has taken cognizance of the following facts: 

a) The issue of L V insulation co-ordination and associated reqire- 
ments are primarily recent in origin and are yet to be time 
tested. Considerable amount of data is required on ascertaining 
actual system overvoltages and the adequacy of any dielectric 
tests specified to verify equipment design meeting the system 
disturbances, and 

b) L V insulation co-ordination implies the inclusion of an impulse 
tests even for LV equipment, covering a wide range of products 
manufactured under different sectors of the industry. It is not at 
present evident whether existing designs would be adequate to 
withstand the impulse ranges proposed or would involve major 
design changes. 

01.7 However ETDC 19 had decided to prepare this Guide on the basis of 
international guidelines on account of the following reasons: 

a) The Guide would serve as a common basis in this emerging field 
for various technical committees who would like; to take advan- 
tage of the information contained for determining requirements 
for insulation co-ordination for a specific product; 

b) The Guide would serve as an impetus for several experts who arc 
engaged in collection of data pertaining to the issue and to 
designers to test the adequacy of their designs against acceptable 
reference overvoltage levels until comprehensive guidance could 
be worked out by individual groups; and 
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c) The Guide with proposed impulse levels and clearances would 
definitely rationalize the dimensions in a useful manner. 

0«8 Therefore, the object of this Guide is to guide the relevant technical 
committees that have to specify creepage distance and clearances in air for 
low voltage equipment in such a manner that insulation cpbrdinaiion in 
the installation becomes possible, and that co-ordination between different 
apparatus used in the same or different situation is rationalized. It also 
pro^ades the necessary data to give guidance on specifying internal 
insulation. 

0.9 In recommending this Guide, it is stressed that it is tentative in 
nature. In would be periodically updated as more knowledge is gained 
and as comprehensive data collection would be complete. This Guide 
would also be supported by necessary supplementary Guides on issues 
where a more comprehensive treatment is necessary. Additional guidelines 
arc being prepared on safety requirements for dimensioning of equipment, 
isolating distances, dielectric testing and interfaces for ovcrvoltage cate- 
gories. This Guide should also be read in conjunction with rules concerning 
surge protection in LV installations being prepared by Electrical Installa- 
tion Sectional Committee, ETDG 20. 

0.10 The degree of adoption and implementation of this Guide is the 
prerogative of individual technical committees preparing specification for 
LV equipment. In the first instance, this guide is recommended in areas 
where failures of LV equipment was significant. In areas wheie guidelines 
for dimensioning already exist, these could be verified in line with this 
Guide. For areas where technical committees are engaged in preparation 
of requirements for insulation co-ordination for the first time, this Guide 
could be used as the starting point. 

0.11 It is clarified that this publication should not be construed as a 
design guide. However, it is believed that application of the guidelines 
given would lead to an economical and good design. Moreover, even 
though little data is available on actual system overvoitages and the 
adequacy of coordination of insulation to meet them in actual practice, 
the contents of this publication is intended to generate discussions on all 
relevant matters as well as streamline the collection of needed data in an 
organized manner. New materials developed indigenously could also be 
got verified in line with the available information. 

0.12 It should be pointed out that this Guide adequately lays stress on the 
need for use of surge arresters for LV systems thereby controlling overvoi- 
tages and hence reducing the cost of equipment designed for operation 
downstream in the network. This is a matter of installation practice and 
had to be veiwed in the proper and larger perspective of current practices 
in the country. Detailed guidelines on this matter are outside the purview 
of this Guide. 
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0*13 In the preparation of this Guide assistance has been derived from 
the following publications issued by the International Electrotechnical 
Commission: 

I EG Pub 664-1980 Insulation Go-ordination within Low- Voltage 
Systems including Clearances and Greepage Distances for 
Equipment. 

lEC Pub 664A-1980 Insulation Go-ordination within Low-Voltage 
Systems, Including Clearances and Greepage Distance for Equip- 
ment ( First supplement to Publication 664 (1980). 

0.14 Since the issue of the lEG Publications given in 0.13, several develop- 
ments have taken place at the International level leading to further debate 
on this subject. This had led to possibilities of preparing supplementary 
guides and explanatory notes on the provisions on LV insulation coordina- 
tion. The need for and contents of supplements are being actively debated 
by the High Voltage Techniques Sectional Committee, ETDC 19. Such 
developments as and when ready in the final form would in due course 
form part of this Guide. 



1. SCOPE 

1.1 This Guide deals with the coordination of insulation in low-voltage 
installations including clearances and creepage distances for equipment, 
bearing a rated voltage up to 1 200 V dc or up to 1 000 V ac with rated 
frequencies up to 30 kHz and for use up to 2 000 m above mean sea level. 

1^2 The minimum clearances indicated in this Guide do not apply where 
ionized gases ( such as flames or arcs ) occur. Special requirements for such 
situations may be specified in the relevant standard. 

1.3 This Guide docs not deal explicitly with distances through solid or 
liquid insulation, with gases other than air or with compressed gases. 
However, it is recommended that any solid insulation be so dimensioned 
that a clearance will flashover at a value of voltage so low that no damage 
will be done to the solid insulation. 

NoTB 1 — The rated voltages 1 000 V ac and 1 200 V dc are traditional limits 
for low-voltage equipment as accepted for national standardization work and only 
represent the formal limitation of the scope. Higher voltages may exist in circuits 
internal to the equipment. 

Note 2 — The altitude of 2 000 m above mean sea level is the traditional 
highest altitude for low-voltage equipment covered by standards. Requirements 
. for altitudes exceeding 2 000 m can be derived from Appendix A. 
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SECTION 1 DEFINITIONS 

2. TERMINOLOGY 

2.0 For the purposes of this Guide the following definitions shall apply. 

2.1 Clearance — The shortest distance in air between two conductive 
parts. 

Note — For the purpose of determining a clearance to accessible parts^ the 
accessible surface of an insulating enclosure shall be considered conductive as if it 
was covered by a metal foil wherever it can be touched by a hand or a standard test 
finger. 

2.2 Greepage Distance — The shortest distance along the surface of an 
insulating material between two conductive parts. 

Note — For the purpose of determining a creepage distance to accessible parts, 
the accessible surface of an insulating enclosure shall be considered conductive as 
if it was covered by a metal foil wherever it can be touched by a hand or a test 
finger. 

2.3 Rated Voltage — The value of voltage, assigned by the manufacturer 
to a component, device or equipment, to which operation and performance 
characteristics are referred. 

Note — Certain types of equipment may have more than one rated voltage or 
may have a rated voltage range. 

2.4 Rated Insulation Voltage — The voltage of a component, device 
or piece of equipment to which dielectric voltage tests and creepage 
distances are referred. 

Note 1 — Technical committees are recommended to specify a series of rated 
insulation voltages for their equipment. 

Note 2 — For equipm«it not having a specified rated insulation voltage, the 
highest value of any rated voltage shall be considered to be the rated insulation 
voltage. 

2.5 Rated Impulse Withstand Voltage — The peak value of an 
impulse voltage, of prescribed form and polarity which the equipment is 
capable of withstanding without breakdown under specified conditions of 
test and to which the value of the clearances is referred . 

Note [^Preferred values of rated impulse withstand voltage are those given 
in Table 1. 

Note 2 — Technical committees are recommended to specify a series of rated 
impulse withstand voltages for their equipment. 

2.6 Rated Insulation lievel — The value of rated insulation voltage and 
ratedUmpulse withstand voltage which characterize the insulation of equip- 
mcnt'with regard to its ability to withstand dielectric stress. 
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2.7 Working Voltage — The highest rms value of the ac or dc voltage 
which may occur ( locally ) across any insulation at rated supply volts, 
transients being disregarded, in open circuit conditions or under normal 
operating conditions. 

2.8 Temporary Overvoltage — The phase- to-earth, phase-to-neutral or 
phase- to-phase overvoltage at a given location and of relatively long 
duration ( several seconds ). 

2.9 Transient Overvoltage — The transient ovcrvoltages in the sense of 
this report are the following. 

2.941 Switching Overvoltage — The transient overvoltage at a given loca- 
tion on a system due to a specific switching operation of fault. 

2.9.2 Lightning Overvoltage — The transient overvoltage at a given loca- 
tion on a system due to a specific lightning discharge. 

2.9.3 Functional Overvoltage — Deliberately imposed ovcrvoltages necess- 
ary for the function of a device. 

2.10 Impulse Withstand Voltage — The highest peak value of impulse 
voltages of prescribed form and polarity, which does not cause breakdown 
under specified conditions of test. 

2.11 Power-Frequency Withstand Voltage — The rms value of a 
power-frequency sinusoidal voltage which does not cause breakdown under 
specified conditions of test. 

2.12 Pollution — Any addition of foreign matter, solid, liquid or gaseous 
( ionized gases ), that may produce a reduction of dielectric strength or 
surface resistivity. 

2.13 Micro-environment — The ambient conditions which surround the 
clearance or creepage distance under consideration. 

Note — The micro-environment of the creepage distance or clearance and not 
the environment of the equipment determines the effect on the insulation. The 
micro-environment might be better or worse than the environment of the equipment. 
It includes all factors influencing the insulation, such as climatic, electromagnetic, 
generation of pollution, etc. 

2.14 Coordination of Insulation — The correlation of insulation 
characteristics of electrical equipment on the one hand with the expected 
ovcrvoltages and with the characteristics of overvoltage protective devices, 
and on the other hand with the expected micro-environment and the 

^ pollution protective means. 

NoTB 1 — Where the energy of the expected overvoltage is limited and where 
the preferred impulse withstand voltage is 1 500 V, the clearances provided may 
serve as simple overvoltage protective devices without causing any malfunction. The 
work 'malfunction' refers to discontinuity of service as well as to physical damage to 
the equipment itself or the surrounding^. Where such use is made of a clearance, 
this feature must be clearly identified, so that no inadvertent design or field change 
could upset the coordination. 

8 
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NoTB 2 — The minimum values prescribed in this Guide cannot by themselves 
ensure insulation coordination but make it possible. Coordination also requires the 
presence of gaps with a specified breakdown voltage or of overvoltage protective 
devices. 

2*i5 isolating DistaDce — The clearance between open contacts of a 
pole of a mechanical switching device which meets the safety requirements 
specified for disconnectors. 

2.16 Homogeneous ( Uniform ) Field — An electric field which has 
an essentially constant voltage gradient between electrodes, such as that 
between two spheres where the radius of each sphere is greater than the 
distance between them. 

2.17 Inhomogeneous ( Nonuniform ) Field — An electric field which 
does not have an essentially constant voltage gradient between electrodes. 



SECTION 2 INSULATION CO-ORDINATION 
3. BASIC PRINCIPLES OF INSULATION COORDINATION 

3.1 Insulation Go-ordination 

3.1.1 Insulation co-ordination implies the selection of the electric insula- 
tion characteristics of equipment with regard to its application and in 
relation to its surroundings. Consideration must be given to the voltages 
which can appear within the system, to the location and characteristics of 
the overvoltage protective devices, to the continuity of service desired and 
to the safety of persons and property, so that the probability of undesired 
incidents due to voltage stresses is reduced to ensure an economically and 
operationally acceptable performance. 

3.1.2 Insulation co-ordination requires that solid or liquid insulation 
materials involved have an impulse withstand voltage value in excess of 
the breakdown value of either the voltage limiting device or the actual 
clearance on which the co-ordination is based. 

On the other hand the equipment itself shall not inject into the 
system an overvoltage in excess of the rated impulse withstand voltage. 

3.1.3 Insulation co-ordination cannot be achieved only by specifying 
minimum values of clearances. However, it can be achieved by use of 
clearances having specified breakdown voltages or overvoltage protective 
devices having specified characteristics. 
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The overvoltage protective devices may be special equipment includ- 
ing means for the storage or dissipation of energy or simple air gaps 
( clearances ), under defined conditions, capable of dissipating without 
harm the energy of the overvf Itages expected at the relevant location. 

3.1.4 For systems, and insulation co-ordination is based on a prefcrtrcd 
series of impulse withstand voltage. For each location in the system the 
rated impulse withstand voltage of equipment shall be equal to or above 
the appropriate value for the particular installation category ( see 
Table 1 ). 

In order to apply this concept of insulation co-ordination, distinction 
should be made between two types of transient overvoltages: 

a) transient originating in the system to which the equipment is 
connected through its terminals; and 

b) transients generated within the equipment itself. 

3.2 Itnpnlse Withstand Voltages for Insulation Go-ordination — 

Table 1 gives the series of impulse withstand voltages related to system 
voltage ranges. The transient overvoltage occurring at the innerfaces in the 
system must remain below or be limited to the values stated. The rated 
impulse wilJistand voltage of the equipment shall be equal to or higher 
than the values stated. 

NoTB — Technical committees are recommended to specify a rated impulse 
withstand volt^e for their equipment. 

3.3 Interface Requirements — In a system, the insulation levels of the 
various installation categories normally follow each other in descending 
order of magnitude of the impulse withstand voltage as the equipment is 
located further away from the source of energy. The transition from one 
installation category to the next lower category is justified by compliance 
with appropriate interface requirements. 

Typical elements that influence the interface are: 

— an overvoltage protective device; 

— a transformer with isolated windings; 

— a busbar system with a multiplicity of branches ( capable of 
diverting energy of surges ); 

— a capacitance, for example a cable or a capacitor ( capable of 
absorving energy of surges ); and 

Note — While capacitance may be used to absorb the energy of an 
impulse, the effects of subsequent release of the stored energy back into the 
circuit must be considered. 

— a resistance or similar damping device ( capable of dissipating 
energy of surges ). 

10 
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3.4 Insulation Co-ordination Within a System — It is the responsi- 
bility of the technical committees dealing with installations to specify the 
necessary standard installation category and the interface requirement* 
that justify the transition from one level ( installation category ) to the 
next lower level. 

3.5 Insolation Co-ordination Inside a Piece of Equipment 

3.5.1 For those parts in a circuit within equipment which arc signiJS- 
cantly influenced by or can themselves influence external circuit condi- 
tions, the responsible committees should suggest, if applicable, the most 
advantageous locations for clearances that are capable of suffering a 
flashover with the minimum risk of damage or disturbance. It is to be 
understood that all other clearances inside the same piece of equipment 
shall be larger ( having higher impulse withstand voltage ). 

3.5.2 For other parts or circuits within equipment which are not signi- 
ficantly influenced by or cannot themselves influence external circuit 
conditions, the recommendations for clearances and creepage distances are 
not related to the installation category of the equipment but to the actual 
conditions for that part or circuit. Interpolation of values given in Table 2 
in this case is possible. 

3.6 Selection of Rated Impnlse Withstand Voltage for Equipment 

3.6.0 The Technical Committee responsible for the equipment consi- 
dered shall indicate the installation categories according to Table 1 for 
which their specification applies. 

%£•% The manufacturer shall select the rated impulse withstand voltage 
or range of voltage for which the equipment is designed tn view c^ those 
combinations of installation category and rated voltage range for which 
die equipment is intended. 

3.6.2 For equipment capable of creating ovcrvoltages, for example 
switching devices, the magnitude of the rated implse withstand voltage 
implies that no overvoltage in excess of this value can be generated by the 
equipment itself when used in accordance with the relevant stardard and 
instructions of the manufacturer. Conversely, a given value of rated 
impulse withstand voltage implies that ovcrvoltages of that magnitude 
might be generated and that, as a consequence, the equipment could be 
unsuitable for use in lower installation categories or it may necessitate 
consideration of suppression means suitable for the lower category. 

Note — If the rated implse withstand voltage is expressed as two values of 
voltage, the fa^hest value indicates the rated impulse withstand voltage and the 
lower value the highest overvoltage generated by the equipment itself. 

11 
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TABLE 1 PREFERRED SERIES OF VALUES OF IMPULSE YVITHSTAND 

VOLTAGES FOR RATED VOLTAGES BASED ON A CONTROLLED 

OVERVOLTAGE SITUATION 

( aeuses 3.1.4, 3.2.1, 3.6.0, 3.3. i, and 7.1 } 

VoXiTAOBS Phasb»to-Eabth Dkbivbo Prbfbrrbd Sbrixs or Thpulsb Withstakd 
Fbom Ratbd Ststbh Voltaoes up Voltaobs im Volts fob Installation 

TO AHD Including V rms ani> dc Gatbooky 



(1) 
50 

100 
150 
300 

600 2 500 4000 6000 8000 

1000 4000 6000 8 000 12 000 

Note 1 — For the purpose of insulation co-ordination, the voltage phase-to-earth 
in the first column of the table is the rms value of the ac or dc voltage existing in 
the system under normal operating conditions. 

Notb 2 — The installation categories are based on protection by transient over- 
voltage control means, for example, surge arresters, or by other su rge protectors, such 
as spark gaps ( clearances ) designed for this purpose or by metal oxide varistors, 
etc, unless the nature of the installation is such that the impulse withstand voltage 
of the selected category is not exceeded ( set Fig. 1 ). 

Note 3 — For systems where no surge suppressor is installad, the situation can 
be described as * uncontrolled*. However, overvoltages will still be ultimately limited 
by sparkover of air clearance ( self-restorii^ ) or by puncture of solid insulation 
( permanent failure )« whichever is the lowest. This ultimate voltage ( typically 
between 5 kV and 25 kV ) is determined by the design or actual construction of the 
hardware and is subject to unpredicable factors. Clearly, the indeterminate leveb of 
iraltage as well as the permanent puncture risks, make the uncontrolled approach 
undesirable. 

Note 4 — For unearthed ( ungrounded ) systems or systems with one phase 
Muthed ( grounded phase ), the phase-to-earth voltage is to be considered as the 
phase-to-phase voltage. 

3 J Preferred Series of Values of Impvlse WltlMtand Voltages for 
Rated Voltages Based oa an Overvoltage Controlled Situation — 

Table 1 is a proposal for future syitem design which includes interface 
requirements to establish limited impulse voltage conditions at specific 
locations on the system. It must be recognized that overvoltage 
controlled systems do not generally exist at thi« time. However, it must 
also be recognized that this type of system must exist before true 
insulation co-ordination can be achieved. In the meantime» individual 
technical committees can achieve more efficient design standards by consi- 
dering the use of transient overvoltage control means to achieve the voltage 
levels proposed in Table I ( ste also Appendix B ). 

12 
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STAIRCASE 
LIGHTS 




i '^°°^ rw 7 



CATEGORY 

rv 



m 



Installation Category 
IV 

Primary supply level. 
Overhead lines and 
cable systems includ- 
ing distribution bus 
and its associated 
overcurrent protection 
equipment. 



Installation Category 
III 

Fixed installation 
following install a- 
tion category IV. 



Installation Category 
II 

Appliances, porta- 
ble equipment etc, 
following installa- 
tion category III. 



Installation Category 

I 

Special equipment 
or parts of equip- 
m<^ut following 
installation cate- 
gory II, telecom- 
munication electro* 
nic, etc. 



NoTB — A lower installation category may follow any higher installation 
category when appropriate transient overvoltage control means ( interfaces ) are 
provided. 

Flo. I Example for Installation Gatsooribs I to IV and 
Installation CIo-ordination Augordino to Table 1 
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SECTSGN 3 CLEARANCES !N A!R 

4. INFLUENCING FACTORS 

4.0 The requirements of clearances in air arc determined by the micro- 
environment in which the ( clearance ) under consideration is situated ( also 
see Appendix G ). 

4.1 Fundamental Factors Inflaencing Clearance — The fundamental 
factors influencing clearance arc ( see also 5 ): 

a) transient overvoltages, 

b) electric field condition ( shape of the electrodes ), 

c) pollution, and 

d) altitude. 

4.2 Other Factors which may Influence a Clearance — The other 
factors influencing clearance are ( see also 6 ): 

a) protection against electric shock, 

b) mechanical aspects, 

c) isolating distance, 

d) consequences of an insulation fault in a circuit, and 

e) continuity of service. 

5. DESCRIPTION OF THE FUNDAMENTAL FACTORS 
INFLUENCING CLEARANCE 

3.G The minimum clearances are obtained by application of this clause. 
However, the other conditions given in 4.2 may require increased distance 
which are^ not directly dimensionable but are the responsibility of the 
individual technical committees and should take into consideration 6. 

5.1 Transient Overvoltages— For the purpose of withstanding transient 
overvoltages, the impulse withstand voltage of a clearance in air has been 
derived for homogeneous ( Case B ) and inhomogeneous ( Case A ) fields 
under normal conditions of temperature and relative humidity and for a 
barometric pressure of 80 kPa (corresponding to an altitude^ of about 
2 000 m above mean sea level ). Daily variations in barometric pressure 
have been disregarded. 

NoTx — Information on thii can be found in Appendix A. 
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5.2 Electric field Conditions • The shape and arrangement of the 
conductive parts ( electrodes ) between which the clearance exists influence 
the homogeneity of the field and consequently the distance needed to with- 
stand a given voltage ( see Appendix A and Table 2 ) . 

5.2.1 Case A of Table 2 — Values of clearances equal to or larger than 
those in Table 2 under Case A can be used irrespective of electrode confi- 
guration and without verification by electric impulse test. Case A clearance 
values are accepted as having under all conditions the ability to withstand 
the rated impulse withstand voltage. 

5.2.2 Case B of Table 2 — Values of clearances in Table 2 under Case B 
represent ideal conditions that may be approached when the electrode 
configuration is designed to minimize local electric stresses. 

Clearance values which arc between Case A and Case B values 
require verification by test. 

Note — For small values of clearances, the presence of pollution may destroy 
the uniformity of the field, making the use of Case B impossible, or at least unrelia- 
blc. 

For rated impulse withstand voltages higher than 6 000 V, the clearances are 
large enough for pollution not to influence significantly the uniformity of the 
electric field. 

5.3 PoUotion 

5.3.0 Means may be provided to reduce pollution at the clearance 
under consideration by effective use of enclosures, encapsulation or herme- 
tic sealing. It should be recognized that such means to reduce pollution 
may not be effective when the equipment is subject to condensation or if, 
in normal operation, it generates pollutants itself. 

The effects of pollution in the micro-environment need only be taken 
into account when the position and orientation of the clearance arc such 
that deposition of dust, dirt, water, etc, is likely to occur in a manner to 
reduce the clearances. 

Small clearances can be bridged completely by solid particles, dust and 
water, and therefore minimum clearances are specified where pollution 
may be present in the micro-environment. 

NoTB — The conductivity under polluted conditions is mainly caused by water, 
soot, metal dust, carbon dust or similar components. Conductive pollution by ioni* 
zed gases and metallic deposition is restricted to specific instances, for example in 
switchgear or controlgear which are not covered by this guide. 

Where ionized gases arc present the necessary clearances cannot be specified. 
Ionized gases often occur coincidental to switching surges. When appropriate 
manufactures of switching equipment vfill indicate the safety zone beyond which no 
ionized gases will appear during normal operation. 
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5.3.1 Degrees of Pollution in the Micro-ermrontMnt — For the purpose of 
evaluating clearances, the following four degrees of pollution in the micro- 
environment are established: 

a) Pollution Degree 1 — No pollution or only dryr non-conductive 
pollution occurs. The pollution has no influence. The clearance 
has to be determined only according to the voltage as described 
in 5.1 and 5.2. 

b) Pollution Degree 2 — Normally, only non-conductive pollution 
occurs. Occasionally, however, a temporary conductivity caused 
by condensation must be expected. The clearance has to be deter- 
mined only according to the voltage as described in 5.1 and 5.2. 
However, the minimum clearance is 0*2 mm. 

c) Pollution Degree 3 — Conductive pollution occurs, or dry, non- 
conductive pollution occurs which become conductive due to con- 
densation which is expected. The clearance has to be determined 
only according to the voltage as described in 5.1 and 5.2. How- 
ever, the minimum clearance is 08 mm, 

d) Pollution Degree 4 — The pollution generates persistent conductivity 
caused, for instance, by conductive dust or by rain or snow. The 
clearance has to be determined only according to the voltage as 
described in 5.1 and 5.2. However, the minimum clearance is 
1*6 mm. 

Note — The minimum clearances given for pollution degrees 2, 3 and 4 
are based on experience rather than on fundamental data. 



5«4 Altitude 

5.4.0 Breakdown voltage of a clearance in air, for a homogeneous field 
( withstand voltage Case B in Table 6 ), is according to Paschen*8 Law, 
proportional to the product of the distance between electrodes and the 
atmospheric pressure. Therefore, experimental data recorded at approxi- 
mately sea level are calculated, according to the difference in atmospheric 
pressure between 2 000 m and sea level. For the purpose of this Guide, the 
similar calculation is made for inhomogeneous fields. 

As the given millimetre values in Tabic 2 arc valid for an altitude of 
2 000 m above sea level, clearance for other altitudes must be multiplied 
by the multiple factor for distance. This correction factor corresponds to 
Paschen*s Law. The relevant table is shown in Appendix A. 
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INFLUENCE A CLEARANCE 

6,0 The clearances specified here must be retained throughout the useful 
life of the equipment taking into account the othet factors. In some cases, 
increase of the clearance may be necessary to achieve this result. However, 
a mere increase of clearance may not in itself ensure this result, for 
example, due to mechanical aspects. 
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Technical committees should establish clerances for products within 
their scope taking into account relevant influencing factors. 

6.1 Addieional Issalatioa and Measures to Provide Protection 
Against Electric Shock— Attention is drawn to IS : 9409-1980* where- 
in it is intended to give guidance to technical committees on the classifi- 
cation of low-voltage electrical and electronic equipment intended for 
connection to an external supply with regard to protection against electric 
shock in the event of an insulation failure. 

For supplementary insulation and for reinforced insulation the tech- 
nical committee concerned shall state the rules governing clearances for 
the equipment in its scope of work. 

6.2 Mechanical Aspects — The extent to which the manufacturing pro- 
cess can control the mechanical tolerances decides the limit to which 
practical clearances can approach the theoretical minimum clearances. It 
is possible to approach minimum clearances when the equipment is manu- 
factured in a factory under controlled conditions and finished to a point 
where additional assembly other than the connections to terminals prior to 
placing the equipment in service, is not qecessary. Replacement of compo- 
nents normally effected in service shops or in normal use ( e. g. fuses ) are 
considered to be part of controlled conditions. Routine maintenance sche- 
dules for testing or examining insulaion are expected. 

Increased clearances are required when equipment is field-mounted 
and field-connected because the method of mounting and the wiring 
method at the terminals have to be considered. 

$S Isolating Distance — Isolating distances are determined in the same 
manner as clearances. 

The ratio of the impulse withstand voltage for the isolating distance 
to the rated impulse withstand voltage is under consideration. 

6.4 Consequences of an Insulation Fault in a Circuit — Under con- 
sideration. 

6.5 Continuity o^f Service — Under consideration. 

NoTB — Insulating ma tarial may undergo dtmeasional changes ( deformation ) 
after being incorporated in equipment. This includes changes due to [oss of consti- 
tuents due to evaporation as well as flow due to thermal or mechanical stress, absorp- 
tion of water ( swelhng ) or chemical changes. 

Particular atteation should be given to gaskets that may be unduly compressed 
or even lost. 



*Classification of electrical and electronic equipment with regard to protection 
linst electric iho :k. 



against 
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Special attention should be given to the possibility of elastic deformations, a» 
they may not be present at the time of inspection, but only under certain conditions 
of service. 

Mechanical displacement of parts, whether operational due to the motion of 
movable parts, or more permanent such as the displacement of terminals due to the 
attachment of wires, should be considered and liberally compensated for. 

7. DIELECTRIC TESTS 

7.0 All dielectric tests stated in this guide are type tests. Technical 
committees shall specify which tests are applicable. 

When using the minimum clearance values in accordance with Case 
A values, no withstand voltage tests are required. Withstand voltage tests 
are required only when using values less than Case A values and greater 
than Case B values. There should be no disruptive discharge during the 
tests. 

7.1 Preparatiom for Dielectric Test — When clearances are verified by 
dielectric tests, it is up to the manufacturer to ensure that irrespective df 
manufacturing tolerances the products will comply with the test require- 
ment. An increase of test voltage shall be considered if the test is performed 
at an altitude below 2 000 m ( see Appendix A ). 

Example 1 : 

An equipment with a rated voltage of 230 V phase-to-earth for 
use up to 2 000 m above sea level and an installation category III 
is required to withstand an impulse voltage of 4 000 V according 
to Table 1. 

This equipment is to be tested at a site located 500 m above 
sea level. What is the required impulse withstand voltage at 500 m. 

The Case B clearance at 2 000 m and 4 000 V impulse with- 
stand voltage according to Table 6 is 1 *2 mm ( actual value is 
4 090 V ). 

The multiplying factor for distance, at 500 m according to 
Appendix A is 0*84. 

Therefore, the equivalent increase in distance corresponding to 
500 m is: 

I '00 
1-2 mm X -TToT *- 1"*3 mm 
0"o4 

The corresponding impulse withstand voltage for 1*43 mm 
clearance from Table 3 ( by interpolation from Case B ) is 4 750 V. 
This value can also be read from Fig. 4, curve I for I '43 mm. 
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Example 2 : 

What is the required impulse withstand voltage for the equip- 
ment of Example 1 when tested at sea level ? 

The multiplying factor for distance at sea level is 0*79. 

Therefore, the equivalent increase in distance corresponding to 
sea level is: 

1-2 mm X -^"= 1-52 mm 

The impulse withstand voltage is 5 000 V ( by interpolation from 
Table 3 ) or from Fig. 4, curve 1 for 1 -52 mm. 

7.2 General Requirements for Test — In principle, the test for impulse 
withstand voltage shall be performed by an impulse test accbrding to 7.4. 

When the conducting parts to which the test voltage is applied are 
permanently connected to parts or components that may influence the 
magnitude or duration of the impulse, for example, surge arresters or 
capacitors, only the impulse test with the specified energy according to 7,4 
is applicable. 

If a sustained voltage of the magnitude of the test voltage cannot 
harm any of the components in parallel with the clearance under test, a 
dc test may be us^d instead of the impulse test. 

If the above conditions are satisfied and solid insulation is not unduly 
stressed, an ac test with a peak value corresponding to the required test 
voltage may be used. 

7.3 Results to be Obtained — When a peak voltage according to the 
desired insulation level is applied, no flash-over or breakdown shall occur. 
Corona effects which do not result in breakdown are disregarded. 

7.4 Impulse Test Procedure — Under consideration. 



SECTION 4 CREEPAGE DISTANCES 

8. CREEPAGE DISTANCES 

8.0 General — The recommendations for creepage distance are based on 
a considerable amount of empirical data and on a basic review of the 
physical mechanisms behind various influencing factors, rather than on 
exact measurements of known physical phenomena. 
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8.0.1 A possible deterioration over the useful life of a creepagc distance 
or the total failure of insulation properties depends on many factors just 
as the magnitude of the surface leakage current over a crcepage distance 
does not present any simple physical dependency on distance and voltage. 
A number of aspects have still to be studied. 

8.0.2 For equipment operating within certain voltage ranges and under 
certain operating conditions a vast amount of practical experience exists, 
forming a useful guide for design purposes. Such empirical values form a 
part of this Guide bearing in mind that certain existing standards require 
distances significantly greater than would be necessary from a technical 
point of view and that good experience with equipment designed in accor- 
dance with such standards is no proof that larger distances arc really 
necessary. The values for printed boards are based on a statistical evalua- 
tion of a series of tests. Different circumstances may require greater or 
permit smaller creepagc distances than those given in Table 3. This deci- 
sion shall be made by the individual technicsd committees. 

8.0.3 In view of the necessity that as much protection against deterio- 
ration of the properties of insulating material as possible is to be achieved, 
the values given in Table 3 present creepagc distances where the influenc- 
ing factors, pollution degree andT^c properties of insulating material are 
taken into account. These distances represent conditions of continuous 
stress. It should be pointed out however that the exclusion or diversion of 
contamination by design measures and the proper selection of a suitable 
type of insulating material have a greater influence on the performance 
than the values of the crecpage distances contained in Table 3. 

8.0.4 Clearance and creepagc distances serve different purposes in the 
insulation co-ordination, and therefore it may happen that the minimum 
creepage distance established on the basis of the following will be smaller 
than the minimum clearance determined in accordance with Section 3. In 
that case, the clearance becomes the deciding design basis. 

8.1 Influencing Factors — Crcepage distances are determined by the 
micro-environment in which the distance under consideration is situated. 

NoTB — This means that in the tame piece of equipment widely different 
creejMge distances may be permitted. 

8.2 Fimdamental Factors Inflaencing Crcepage Distances 

a) Rated insulation voltage or working voltage ( see 9.2 ), 

b) Pollution ( see 9.3 ), 

i) Moisture, 
ii) Orientation and location of a crcepage distance ( see 9.5 ), 
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Hi) Shape of insulating surface ( sfe 9.6 ), 
iv) Electrostatic precipitation ( see 9.7 ) 

c) Insulating materials ( see 9.4 ), 

d) Relationship to clearance { see 9.i ), 

e) Time under voltage stress ( see 9.8 ) , and 

f ) Other factors which may influence crecpagc distance: 

i) Surface leakage current ( stc9*9 ) — It may be necessary to 
reduce the surface leakagcMurrent in order: 

— to prevent damage to insulating material, 

— to prevent perception current ( electric shock ), and 

— to maintain proper functioning of the equipment (crosstalk). 

ii) Consequences of an insulatiDU fault in a circuit, including 

continuity of service ( see 9.10 ): 
in) Constructional aspects (seeBAl), and 
iv) Properties of electrode material ( see 9.12 ). 

9. SPECIFICATION OF THE INFLUENCING FACTORS 

9.1 Relationship to Clearance — A crecpagc distance cannot be less 
than the associated clearance, so that the shortest crecpage distance possi- 
ble is equal to the clearance. However, there is no physical relation 
between the minimum clearance in air and the minimum acceptable 
creepage distance, except for this dimensional limitation. 

With respect to flashover, creepage distances less than the clearance!* 
required by Case A of Table 2 may only be used under conditions of pollu- 
tion degree 1 in which situation the associated clearance test by impulse 
withstand voltage or equivalent rms voltage test for the creepage distances 
is sufficient. 

9.2 Voltage — The basis for ihe determination of a creepage distance is 
the rms or dc value of the voltage existing between electrodes and across 
the creepfi^e distance for an extended period of time. Transient overvol- 
tages are neglected on the basis of the fact that they will normally not 
influence ihe tracking phenomenon. However, temporary and functional 
overvoitages may have to be considered, depending upon duration and 
frequency of occurence. Voltages which result in partial discharges also 
require additional consideration in the selection of insulating material. 

9.3 Pollntion ( see 5.3.1 ) — The degrees of pollution which were speci- 
fied for clearances shall apply also to creepage distances. 
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9.3.1 Condensation — The condensation of water shall always be consi- 
dered a possibility, except in the case of pollution degree 1. Condensation 
will occur in the case of pollution degrees 2, 3 and 4 as a result of the 
following condition: 

a) Where the temperature of insulation surface fa Us below the dew-point of 
the surrounding air. 

Note 1 — The statement in (a) implies that the risk of condensation is neg- 
ligible within a certain type of equipment { for example, a radio receiver ) used 
in an enclosed spacc» such as a weakened housing. Cooling of ths bouse will, when 
the dew-point is attained, result in condensation on the walls of the house, but 
not to condensation in the equipment located inside the house. 

When heating the house ( from the outside or from the inside ), parts having 
a high thermal capacity ( walls, structure, etc ) will always lag with regard to 
equipment having a relatively low thermal capacity. Hence there is a negligible 
risk resulting from condensation within the equipment and pollution degree 1 
conditions normally exist. A similar consideration is valid for small components 
located within a larger enclosure. 

On the other hand, an enclosure exposed to a low temperature ambient, 
but constructed in a manner that allows the exchange of air with a h^her am- 
bient temperature, may be subject to continuous condensation. 

Examples are boxes built into external walls, but with openings to an inside 
room or conduits passing through a low-temperature area. Unless properly 
drained, condensate may collect in such enclosures. 

Enclosures subject to variation of temperature ( for example, between day 
and night ) are particularly prone to cumulative condensation because the varia* 
tions promote the air exchange ( breathing ). 

Note 2 — In the case of creepage distances in the vicinity of components 
dissipating a small quantity of heat, the micro- environment may differ conside- 
rably from the surrounding environment of the equipment as far as condensation 
and tracking are concerned. Close to the source of heat, drying-out is achieved 
quickly, vyhich results in low conductivity of the surface so that tracking will not 
occur. However, for certain designs, the water vapour may recondense on cold 
sports located elsewhere and may thus increase the risk of tracking at such 
places. 

b) Where the insulation surface is contaminated with: 

a) hygroscopic dust, or 

b) salt and the relative humidity is above a particular value. 

Note — For example, in the presence of salt, condensation may take place 
where the surrounding air has a relative humidity as low as 40 percent. 

Unless suitable precautions are taken, condensation may occur in any enclo- 
sure but condensation may be reduced or eliminated by one or more of the 
following means: 

— the use of a dried and hermetically sealed enclosure; it should be noted 
that 'hermetically scaled* implies an absoluttiy airtight enclosure so that 
an (xchangi' of humid air, caustd hy a normal change in air pressure, 
is impossible; 
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— the use of an enclosure with ventilation; 

— heating of the equipment either by continuous energization or by the use 
of supplementary heaters; 

— maintaining the surrounding air at constant temperature and suitably low 
relative humidity; and 

— encapsulation ( for example, potting). 

9.3,2 Conductive Dust — In certain locations, conductive deposits may be 
present. Such deposits can be avoided by means of suitable enclosures 
around the creepage distance in question, but attention must be paid to 
the fact that within that enclosure conductive deposits may be produced, 
for example, those originating from carbon brushes, in which case this 
enclosure will not ensure protection and may even aggravate the problem. 

Conductive dust can lead to very high values of surface leakage 
currents, and can lead to failure by a flashovcr, but it seldom leads to 
prc^ressive tracking. 

9.4 Insulating Materials 

9.4.1 Characteristics of Insulating Materials — Insulating materials can be 
roughly characterized according to the damage they may suffer from con- 
centrated release of energy as a result of the action of electric arcs ( mini- 
arcs ) when a surface leakage current is interrupted, that is, due to drying 
of the contaminated surface. The following behaviour of insulating 
materials in the presence of mini-arcs may occur: 

a) no decomposition of the insulating materials, 

b) decomposition of material into volatile components ( erosion ), 
and 

c) decomposition of material resulting in carbon residues (tracking). 

Note I — The test in accordance with IS : 2824-1975* makes it possible to 
visually determine whether the insulating material under test will: 

— remain unaffected by the test conditions, or 

— have a tendency to erode, or 
-> have a tendency to form tracks. 

But in practice, erosion and tracking can be more or less intermixed, 
depending on the kind of insulating material, contamination and current ( ac 
or dc ). 

NoTB 2 — Tracking or erosion cannot occur unless the surface leakage 
current exceeds a limiting value related to the minimum energy necessary to 
create the chemical decomposition required for tracking in a localized drying out 
situation or equivalent chang^ in the surface conductivity. These situations 
arise when the electrodes of a <!ontaminated creepage distance are energized or 
when the creepage distance between energized electrodes becomes contamina- 
ted. The magnitude of the surface leakage current depends upon the conductive 
of the coirtamination of the surface and on the configuration of the relevant parts. 
The progression of tracking or of e rosion increases with the number of localized 
dry-out incidents. 



*Methods for determining comparative tracking index of solid insulating materials 
under moist conditions {first revision ). 
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A method of classification for insulating materials accordirg to groups (a), 
(b) and (c) . does not exiaU The behaviour of the inuslating material under 
various contaminants and voltages is extremely complex. Under these various 
conditions many material will fall into two or even all three of the groups (a), 
(b)and(c). 

A direct correlation of groups (a), (b) and (c) with the material groups of 
9,4.2 is not practical. However, it has been found by experience and tests that 
insulating materials having a higher relative performance also have approxima- 
tely the same relative ranking according to the Comparative Tracking Index 
( GTI ). Therefore, this Guide uses the GTI values to establish a seletnion of 
insulation materials for dimensioning in Table 3. 

9,4.2 Comparative Tracking Index ( CTI ) — The test for Comparative 
Tracking Index in accordance with IS : 2824-1975*, is designed to com- 
pare the performance of various insulating materials under test conditions, 
namely drops of an aqueous contaminent falling on a horizontal surface 
leading to electrolytic conduction. Basically, it gives a qualitative compari- 
son, but in the case of insulating materials having a tendency to form 
tracks it may also give a quantitative comparison, the Comparative Track* 
ing Index. 

For the purpose of this Guide materials arc separated into four groups 
according to their GTI values, as follows: 

Material Group I 600 < GTI 

Material Group II 400 < CTI < 600 

Material Group Illa 175 < CTI < 400 

Material Group Illb 100 < CTI < 175 

The above GTI values refer to values obtained in accordance with 
IS : 2824-1975*, on samples specifically made for the purpose and tested 
with Appendix A. 

Note — For inorganic insulating materials, for example glass or ceramics, 
which do not track, creepage di^lfiaces need not be greater than their associated 
clearance for the purpose of insulation co-ordination. 

9.3 Orientation and Location of a Creepage Distance — The orien- 
tation and location of a creepage distance is significant in the foUdwing 
ways: 

a) The tendency to collect dust which is deposited by gravity centri- 
fugal force or by draughts of air as a result of natural or induced 
circulation, 

b) The flow pattern or drops of water over the surface in between 
electrodes or form one electrode to another, and 

c) The location of a creepage distance with respect to a heat source 
causing accelerated uniform drying of the insulating surface. 

*Methods for determining comparative tracking index of solid insulating materials 
under moist conditions (Jirst r$viHon ). 
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The pollution is influenced by the position in which the equipment 
or component is installed in a room, frame, or enclosure. All intended 
positions should be considered when evaluating the pollution for the 
crecpage distance. Particular attention should be given to equipment or 
components that may change their position while in use, for example, por- 
table equipment or moving parts of mechanically operated switches. 

NoTS I — The manufacturer should indicate the intended orientation of the 
equipment or component, if a particular orientation ii required or excluded. 

NoTS 2 — It should be recognized that equipment may he stored in one orienta- 
tion but be used in another and this may influence the collection of dust. 

9.6 Shape of Insulatiiig Sorface — Crecpage distances may preferably 

include transverse ridges -and grooves that break the continuity of the 
leakage path caused by conductive surface layers. Likewise, ridges and 
grooves may be used to divert the flow of drops of water to areas not 
under electrical stress. Joint grooves or cracks running parallel between 
the conductive parts (the electrodes ) should be avoided as they may 
collect pollution or retain water by capillary action. 

Examples of the evaluation of the length of a creepage path are given 
in the examf^es i to 11 in clause 11. 

9.7 Electrostatic Precipitation — In the presence of electrostatic fields, 
contaminating non-conductive dust particles can be deposited on insulating 
surfaces where otherwise dust may not accumulate to the same degree. 

The adhesion and accumulation of precipitated 'dust particles result 
from the presence of high unidirectional electric fields and are independent 
of material orientation. 

9.8 Time Under Voltage Stress — The time under yolUge stress influ- 
ences the number of drying out incidents riqpable of. ^sing mini arcs of 
an energy high enough to entail tracking. The number of drying out 
incidents is considered to be sufficiently large to cause tracking: 

— in equipment intended for continuous use and not generating in 
its interior sufficient heat for drying out; 

— in any equipment Of the input side of any switch and between, the 
line and load (input and output) termtnsds of any switch supplied 
from the msuns; and 

— in any equipment subject to condensation for longer periods, and 
being frequently switched on and off. 
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The creepage distances shown in Tabic 3 have been determined for 
insulation intended to be under voltage stress for a long time ( or continu- 
ously ), Technical committees concerned with insulation for equipment 
which is under voltage stress for only a short time may consider using 
shorter creepage distances than those recommended in Table 3. 

NoTB — For pollution degree 2, a material of lower CTI may be used as sugges- 
ted in Note 1 to Table 3. 

Alternatively, except for pollution degree 4, the creepage distance corres- 
ponding to one voltage step lower may be used for insulation stressed for a total 
of 15 000 h or less. Similarly, for insulation stressed 1 500 h or less, the creepage 
distance corr^ponding to two voltage steps lower may be used. These degrees of 
relaxation from the conditions of continuous stress are provisional and under 
consideration. Therefore, interested technical committees are invited to give 
their experience. 

The same consideration may be given to insulation which is only intermit- 
tently stressed within equipment which is itself under voltage stress for a lotjig 
t^me. Consideration of even smaller distances may be given in the cases of insu- 
lation of floating ( not energized or not capable of being earthed ) parts. 

9.9 Considerations to Reduce Leakage Current — The consequence 
of a creepage distance with conductive contamination, whether it is 
inherently conductive or conductive because of humidity, is that it permits 
a leakage current over the insulating surface. The magnitude of this leakage 
current is a function of the voltage and impedance of the source, the con- 
ductivity of the pollution and both the length and width of creepage 
distance. 

9.9.1 Protection Against Electric Shock — Any leakage current to an acces- 
sible part presents a risk of electric shock if leakage current can exceed the 
perception level when the accessible part is touched by a human body in 
contact with earth. The leakage current to be considered is the sum of the 
capacitative, conductive and surface leakage current but only the latter is 
dealt with here. 

When evaluating the risk of electric shock by a surface leakage 
current from an accessible part which is not earthed directly or indirectly,it 
should be remembered that such a current can only flow when the accessi- 
ble part is earthed, for example, by touching. Therefore, a wet surface will 
not dry out due to leakage current, but for the same reason no tracking 
can occur. 

Consideration should be given to joints, cracks, and crevices that may 
retain water by capillary action and also form part of the leakage path. 

NoTK — With regard to safety ( perception current ), the possibility of such 
joints, cracks and crevices becoming conductive should be considered. 
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Simiiar considerations relate to the coiiection of conductive dust, for 
example from the commutator of motors or from other switching devices. 

9.9.2 Protection Against Malfunctioning — Considerations very simiiar to 
those relating to electric shock are valid in connection with leakage current 
crosstalk or simiiar malfunction. Because of its irregular and unpredictable 
nature, surface leakage currents should be considered when evaluating the 
influence of one circuit on the operation of another circuit, such as in 
communications equipment and in sensitive control circuits. However, it is 
not possible to indicate specific values of leakage current since the highest 
tolerable value depends upon circumstances. In general, proper attention 
to the character and location of the circuits is of far greater significance 
than the dimensioning of the creepage distances involved. Sensitive circui- 
try may require the exclusion of contamination and moisture [see 
also9>3A{b) ]. 

9a0 Consequences of an Insulation Fault in a Circuit — Tracking 
of the insulation is likely to result in permanent failure. The possible conse- 
quence of this, whether it is the starting of a fire, the interruption of an 
essential supply or any other undesirable circumstance, must be considered 
by the technical committees which may take steps to give greater degree of 
protection. These steps may include for example increased creepage 
distance, better materials, encapsulation, etc. 

On the other hand, circumstances may justify a reduction of the 
creepage distances. 

The following should be considered: 

a) A leakage current leading to tracking in a circuit may cause a 
short circuit and consequential operation of the overcurrent pro- 
tective device if the circuit impedance is low enough. The damage 
depends upon the resulting current and the operating characteris- 
tics of the overcurrent protective device. 

b) A fire may be caused by a leakage current leading to tracking in 
a circuit where impedance is too high to cause the overcurrent 
protective device to operate, 

c) In high-power circuits, the power of the fault arc can be appreci- 
able, even though the operation of the overcurrent protective 
device may be very fast or even current limiting, the energy 
released can be appreciable and capable of causing mechanical 
damage ( pressure ) and fire. 

d) In some cases the impedance of the circuit is so high or the micro 
environment is so favourable that tracking is unlikely to occur. 
Provided that a short circuit in such a case will not constitute a 
fire hazard, electric shock or malfunction, the creepage distance 
need not exceed the clearance. 
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TABLE 3 MINIMUM CREEPAGE DISTANCES IN MILLIMETRES FOR A MICRO-ENVIRONMENT 
DEPENDENT ON VOLTAGE, POLLUTION DEGREE, INSULATING MATERUL AND THEIR USB 
ON PRINTED WIRING MATERIAL OR IN EQUIPMENT VOLTAGE VALUES SELECTED IN 
ACCORDANCE WITH THE R lO^ERIES 

( CitfttMf 8.0, 9.4.1, 9.8 ant/ iO.O) 



VOLTAGK V 


pBUfTBD WlBXMG 






ac rms 
or 


Material 






Subject to Loira-TkEX St&bss 




dc 


Pollution Degree 


Pollution Degree 
2 


PollutUw Degree 


Pollution Degree 
4 




1 


2 


1 


Material group 


Material group 


Material group 




S4« 


Sit 


$4$ 


I 


II 


Ilia 


Illb 


I 


II 


Ilia 


lllb 


I 


II 


Ilia lllb 




Note 2 


Note 3 


Note 2 


{Ste 




















i 










Notel) 


















1 


10 


0*025 


0-04 


0*08 


0-4 


0*4 


0-4 


1 


1 


1 


re 


1*6 


1-6 




12-5 


0025 


004 


009 


0-42 


0-42 


0-42 


1*05 


1.05 


1*05 


1-6 


1-6 


1*6 




16 


0-025 


004 


01 


0-45 


0-45 


0-45 


1*1 


1.1 


1*1 


1*6 


1-6 


1-6 




20 


0025 


0-04 


0-11 


0*48 


0-48 


0-48 


1*2 


1.2 


1*2 


1*6 


1-6 


1-6 




25 


0025 


0-04 


0*125 


0-5 


0-5 


0-5 


1-25 


1.25 


1*25 


1-7 


1-7 


1-7 




32 


0025 


0*04 


014 


0-53 


0*53 


053 


1*3 


1.3 


1*3 


1-8 


1*8 


1-8 




40 


0-025 


0-04 


016 


0*56 


0-8 


1*1 


1*4 


1.6 


1*8 


1*9 


2*4 


3 




50 


0-025 


0-04 


0*18 


0-6 


0-85 


1*2 


1*5 


\l 


1*9 


2 


2-5 


3-2 




63 


0-04 


0063 


0-2 


0*63 


0*9 


1-25 


1*6 


2 


2-1 


2-6 


3*4 




80 


0063 


0-1 


0-22 


0*67 


0*95 


1-3 


1-7 


1*9 


2*1 


2*2 


2-« 


3*6 




100 


01 


016 


0-25 


0*71 


1 


1*4 


1*8 


2 


2-2 


2-4 


3*0 


5*8 




125 


016 


0-25 


0-28 


0-75 


1-05 


1*5 


1*9 


2*1 


2-4 


2*5 


3*2 


4 




160 


0-25 


0-4 


0-32 


0-8 


M 


1-6 


2 


2*2 


2*5 


3*2 


. 4 


5 




200 


0-4 


0-63 


0-42 


1 


1*4 


2 


2-5 


2-8 


3*2 


4 


5 


6-3 ! ♦ 


250 


0-56 


1 


0*56 


1-25 


1-8 


2*5 


3-2 


3-6 


4 


5 


6*3 


8 


^ 


320 


0-75 


1-6 


0-75 


1-6 


2*2 


3-2 


4 


4*5 


5 


6-3 


8 


10 


1 


400 


1 


2 


1 


2 


2-8 


4 


5 


5-6 


6*3 


8 


10 


12-5 


500 


1-3 


2-5 


1-3 


2*5 


3-6 


5 


6-3 


7-1 


8*0 


10 


12*5 


16 


cS 


630 


1-8 


3-2 


1-8 


3*2 


4-5 


6-3 


8 


9 


10 


12-5 


16 


20 




800 


2-4 


4 


2-4 


4 


5-6 


8 


10 


11 


12-51 




16 


20 


25 




1 000 


3-2 


5 


3-2 


5 


7-1 


10 


12-5 


14 


16 




20 


25 . 


32 




1250 






4-2 


6-3 


9 


12*5 


16 


18 


20 




25 


32 


40 




1600 






5-6 


8 


U 


16 


20 


22 


25 


^ 


32 


40 


50 




2000 






7-5 


10 


14 


20 


25 


28 


32 


0) 


40 


50 


63 




2 500 






10 


12-5 


18 


25 


32 


36 


40 


• Z 


50 


63 


80 




3 200 






12-5 


16 


22 


32 


40 


45 


50 


Z 


63 


80 


100 




4 000 






16 


20 


28 


40 


50 


56 


63 


§ 


80 


100 


125 




5000 






20 


25 


36 


50 


63 


71 


80 




100 


125 


160 




6 300 






25 


32 


45 


63 


80 


90 


100 




125 


160 


200 




8000 






32 


40 


56 


80 


100 


110 


125 1 


160 


200 


250 




10 000 


1 


40 


50 


71 


100 


125 


140 1 160 J < 200 


250 


320 





NoTx 1 — Material group I or Material groupi II, IIIa» ^^^^' /tTlflE j l i f^ i f^ i ** ' ** **"^ *" *r ^ t* is reduced due to conditions 

Nora 2 * Material groupt I, II, Ilia, Illb. 

NoTB 3 — Material gioupi I, If, Ilia. 

NoTB 4 — Values of creepage distances in this area have not been established. Material group Illb is in general not 
recommended for application in pollution degree 3 above 630 V and in pollution degree 4. Available data indicate that 
such application may require tpacings very much greater than those in Material group Ilia. But on the decision of a Tech- 
nical Committee Material group Illb may be used in this area if it can be shown by experience or by design of a particular 
equipment or by test to be tatitfactory. 

NoT» 5 — It is appreciated that tracking or erosion will not occur on insulation subjected to working voltages of 32 V 
and below. However, the possibility of electrolytic corrosion has to be considered and for this reason minimum creepases 
have been specified, i *^ * 
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9.11 Gonstructional Aspects — Special attention should be given to 
terminaJs, where the f flective creepage diitance can be shortened by the 
conductors attached to the terminals, for example by touching ridges sepa- 
rating two terminals or by hygroscopic action of the conductor insulation. 
Minimum creepage distances associated with terminals may be solely 
governed by constructional considerations as specified by the relevant 
technical committees ( see also 6.2 ). 

9.12 Properties of Electrode Material — For small values of creepage 
distances, it may be necessary to consider the fact that some electrode 
materials have a tendency to migrate under the influence of a leakage 
current or to form dendrites ( whiskers ) which may reduce both clearance 
and creepage distances. Other materials, or particular alloys may exhibit 
dimensional growth due to recrystallization, usually very slowly in the 
order of years. Some electrode materials tend to dissolve in electrolytic 
pollutants, thereby increasing the conductivity and thus increasing the 
probability of tracking or flashovcr. 

9.13 Other Conditions — Other conditions may require the consideration 
of supplementary factors which are not directly dimensionable and are the 
responsibility of the individual technical committees. Considerations of ribs 
and grooves are given in 9*6. 

10. DIMENSIONING OF CREEPAGE DISTANCES 

10.0 The values of creepage distances given in Table 3 are based upon 
existing empirical data and are suitable for a majority of applications but 
exclude certain applications for which other values of creepage distances 
are appropriate. 

Technical committees may have experiences which arc valid under 
certain conditions specific to their products. In these cases other creepage 
distances either smaller or larger than those given in Table 3 may be 
selected taking the influencing factors of 9.5 to 9.12 into accotmt. 

Where the working voltage is used for dimensioning, it may be 
appropriate to interpolate values for intermediate voltages. 

10.1 Selected Voltage Valnes — The technical committees can select a 
rated insulation voltage or system voltage from the voltage values given 
in Table 5. 

The RIO scries voltage values given in Table 3 are derived from Fig. 2 
and the table includes values of typical system voltages. If necessary, tech- 
nical committees can select other voltages. 

Tables 4 and 5 are for the purpose of relating the voltage values of 
Table 3 to the most commonly used supply systems voltages. 
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DISTANCE IN MILLIMETRES — 



To' 



10 2 3 4 6 10 



NOTK 

Tio. 2 



1. Withstand voltages for clearances according to Table 6. 

2. Homogeneous field U impulse ( 1*2/50). 

3. Homogeneous field U rms. 

4. Infaomogeneous field U impulse ( 1*2/50 ). 

5. Pollution degree 1. 

6. Pollution degree 2. 

7. Pollution degree 2 Material group 1. 

8. Pollution degree 3 Material group I. 

9. Pollution degree 4 Material group I. 

— For the purpose of comparison, clearances arc added. 
Grebpaoe Distances, Dependent on Voltage Pollution 
Degree, Material Group 
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TABLE 4 SINGLE-PHASE THREE OR TWO-WIRE AC OR DC SYSTEMS 

{Clous* lO.l) 

NoHiNAL Voltage or Voltage RBrERBNCB ron Table 3 

Supply System* t * > 

Pbase-to-Phase All Systems Phase-to -Earth 

( Between Conductors of 
Different Polarity for dc ) 
( see Note 1 ) 





(1) 




(2) 




(3) 




V rms or dc 


V 


rms or dc 


V 


rms or dc 




12-5 




12-5 




— 




24 
25 




25 




— 




30 




32 




— 




42 
48 
50t 




50 




— 




60 




63 




— 



00/30 ^3 32_ 

loot JOG — 



no 

120 



125 



150t 


160 


. — 




220 


250 


— 




220/110 
240/120 


250 


125 




300t 


320 


_- 




440/220 


500 


250 




600t 


630 


— 




9G0/480 


1 000 


500 




1 ooot 


! 000 


— 





*This voltage can be the same as the rated voltage of the equipment. 
fTliese values correspond to the values given in Table 1. 

Note — Phase-to-earth insulation level for unearthed or impedanced earthed 
systems equals that for phase-to-phase because the operating voltage to earth or 
any phase may, inpractice, approach full phase voltage. This is because the actual 
voltage to earth is determined by the insulation resistance and capacitative 
reactance of each phase to earth; thus, low ( but acceptable ) insulation resistance 
on one phise may in effect earth it and raise the other two to full phase volts 
above earth. 
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11. MEASUREMENT OF GREEPAGE DISTANCES AND 
CLEARANCES 

11.0 The widths X of grooves specified in Fig, 3, Examples 1 to 11 
basically apply to all examples as a function of pollution degiee as 
follows: 



Pollution Degree 


Minimum Values 
of Width X of Grooves 


1 


25 mm 


2 


1-0 mm 


3 


1*5 mm 


4 


2*5 mm 



NoTB — If the associated clearance distance is less than 3 mm, the minimum 
groove width may be reduced to one-third of this clearance distance. 

The methods of measuring creepage distances and clearances to be used in inter- 
preting the requirements of this report are indicated in Examples 1 to 11. These 
cases do not differentiate between gaps and grooves or between types of insulation. 

The following assumptions are made: 

a) Any corner is assumed to be bridged with an insulating link of A' mm width 
moved into the roost unfavourable position ( je« Example 3 ). 

b) Where the distance across the top of a groove is X mm or more, a creepage 
distanc e is measurt:d along the contours of the grooves { see Example 2 ). 

c) Creepage distances and clearances measured between parts moving in rela- 
tion to each other are measured when these parts are iu their most 
unfavourable positions. 

12. DIMENSIONING PROCEDURE 

12.1 Examples of dimensioning procedure for clearances and creepage 
distances according to this Guide are given in Appendix D. 
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TABLE 5 THREE-PHASE FOUR- OR THREE-WIRE AG SYSTEMS 

(Claus* 10 A) 



Nominal 

Voltage 

OF Supply 

System* 

rnu in 

volts 



VOLTAOK RbfBBKKCB FOB TaBLB 3 



Phase-to- 

Phase 

All Sv stems 

(see Note IJ 



Phase-to-Earth 






rms in volts 


rms in volts ( m« Note 2 ) 


rms in volts ( si4 Notie 1 ) 




(1) 


(2) 


(3) 


(4) 




60 


63 


32 


63 




110 
120 
127 


125 


80 


125 




I50t 


160 


_ 


160 




208 


200 


125 


200 




220 
230 
240 


250 


160 


250 




soot 


320 


— 


320 




380 
400 

415 


400 


250 


400 




440 


500 


•250 


500 




480 
500 


500 


320 


500 




575 


630 


400 


630 




600t 


630 


- 


630 




660 

690 


630 


400 


630 




720 
830 


800 


500 


800 




960 


IDOO 


«se '. ...*.^..^ .. ,. ..^.._ _.-...^ 


.. - 1 000 





1000 



1000 



1000 



*This voltage can be the same as the rated voltage of the equipment. 
fTfaese values correspond to the values given in Table 1. 

Note 1 — Phase-to-earth insulation level for unearthed or impedanced earthed systems equals that for phase-to- 
phase because the operating voltage to earth or any phase may, *in practice, approach full phase voltage. This is because 
the actual voltage to earth is determined by the insulation resistance and capacitative reactance of each phase to earth; 
thus, low ( but acceptable ) insulation resistance on one phase may in effect earth it and raise the other two to full phase 
volts above earth. 

Note 2 — In those countries where both star and delta, earthed and unearthed supply systems are used, the value* 
for delta systems only should be used. 
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TABLE 6 WITHSTAND VOLTAGES IN KILOVOLTS FOR AN ALTITUDE 
OF 2 000 m ABOVE SEA LEVEL 



( Clausts 5A.0 and 7.1) 



Glbabanob 


Cask A 

IXTHOlCOOBKBOtTS FiXLD 


Gabv B 

HoMOOBZnCOITS FXSLD 




( 50/60 Hz ) 


Impulse 
( 1-2/50 ) 


( 50/60 Hz ) 


, , — -. — _. f 

( 50/60 Hz ) 

and Impulse 

(1-2/50) 


mm 


U rms 


U 


A 
U 


{/rms 


A A 
UandU 

impluse 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


O'OIO 


0-23 


0-33 


0-33 


0-23 


0-33 


0.012 


0-25 


0-35 


0-35 


0-25 


0-35 


0-015 


0-26 


0-37 


0-37 


0-26 


0-37 


0-020 


0-28 


0-40 


0-40 


0*28 


0-40 


0-025 


0-31 


0-44 


0*44 


0-31 


0-44 


0-030 


0-33 


0-47 


0-47 


0-33 


0-47 


0-040 


0-37 


0-52 


0-52 


0-37 


0*52 


0-050 


0-40 


0*56 


0-56 


0*40 


0-56 


0*062 5 


0-42 


0-60* 


0*60* 


0-42 


0-60* 


0080 


0-46 


0-65 


0-70 


0*50 


0*70 



0*10 0-50 0-70 0-81 0*57 OSl 

0-12 0*52 0-74 0*91 0*64 0*91 

0*15 0-57 0-80 104* 0-74 1*04 

0-20 0-62 0-88 115 089 1*26 

0*25 0-67 0-95 1*23 103 1*45 



0-30 


0-71 


i*oi 


1-31 


1-15 


1*62 


0*40 


0*78 


rii 


1*44 


1*38 


1*95 


0*50 


0-84 


M9 


1-55 


1-59 


2*25 


0-60 


0*90 


1*27 


1-65 


1-79 


2*53 


0-80 


0*98 


1*39 


1*81 


2*15 


3-04 
( Coniinutd ) 
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TABLE 6 WITHSTAND VOLTAGES IN KILOVOLTS FOR AN ALTITUDE 
OF 2 000 m ABOVE SEA LEVEL — Cotitd 

CI.RARANCB CaSB A GA8S B 

IVHOHOOBNBOUS FlELD HoMOOKNXOVS FiBLD 
' -^ , , « » 

ac Impulse ac ac 

( 50/60 Hz ) ( 1-2/50 ) ( 50/eO Hz ) ( 50/60 Hz ) 

and Impuhe 
(1-2/50) 



mm 


U rms 


A 
U 


A 
U 


U rms 


A A 
i/and U 
impulse 




(1) 


(2) 


(3) 


(4) 


(5) 


^6) 





1*0 1-06 1-50* 1-95 2-47 3-50* 

1*2 1-20 1-70 2-20 2-^ 409 

1*5 1-39 197 2-56 3-50 4*95 



2-0 


1-68 


2-38 


309 


4-48 


6-33 


2-5 


1*96 


2-77 


3-60 


5-41 


7-65 


3-0 


2-21 


3-13 


4-07 


6-32 


8-94 


4-0 


2-68 


3*79 


4-93 


8-06 


11-4 


50 


3-n 


4-40 


5-72 


9-76 


13-8 



60 3-51 4-97 6-46 ll'S 16-2 

80 4-26 6-03 784 14-6 20*7 

10-0 4-95 7-00* 910 17*7 25-0* 



120 


5-78 


8-18 


10-6 


20-9 


29-6 


15-0 


700 


9-90 


12-9 


25-7 


36-4 


20-0 


8-98 


12-7 


16-4 


33-5 


47-4 


25-0 


10-8 


15-3 


199 


41-2 


58-3 


30-0 


12-7 


17-9 


23-3 


48-8 


69-0 


40-0 


16-2 


22*9 


29-8 


63-6 


900 


50-0 


19*6 


27-7 


36-0 


78-5 


ino 


60-0 


22-8 


32-3 


42*0 


92-6 


1310 



80-0 292 41-3 53-7 1209 1710 

lOO-O 35-4 500* 650 148-5 210-0* 

NoTB — For ttmpUficatton the statistical measured values according to this 
table are replaced by straight lines between the values marked **•" in double logari- 
thnriic diagram taking into account the correction factors from to 2 000 ro altitude. 
The intermediate values are taken from the diagram ( s€€ Fig. 6 ) so that they en- 
close the measured values with a small _safcty margin. The values of U rms are 

found by dividing the values of U by y/ 2. 
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< 


Xmm 















Gonditioo : Path under consideration includes a parallel- or converging^sided groove 
oi any depth with a width less than X mm. 

Rule : Greepage distance and clearance are measured directly across the groove 

as shown. 

Examplt 2 



Xmm 




Condition: Path under consideration includes a paralJel-sided groove of any depth 

and equal to more than X mm. 
Rule: Clearance is the "line of sight** distance. Greepage path follows the 

contour of the groove. 

ExtmpU 3 




Condition : Path under consideration includes a V- shaped groove with a width greater 

than X mm. 
Rule: Qearance is the *'line of sight** distance, Greepage path follows the 

contour of the groove but "short-circuits'* the bottom of the groove by 

^mm. 



Clearance 



SSE^BSESSS Greepage distance 



Fro. 3 Methods of Mbasurino Cliarances and Greepaoes — Cantd 
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Example 4 




Condition : Path under consideration includes a rib. 

Rule : Clearance is the shortest direct air path over the top of the rib, Creepage 



path follows the contour of the rib. 
Example 5 



< Xmm 



< Xmm 




Ccmdition : Path under consideration includes an uncemented joint with grooves less 

than X mm wide on each side. 
Rule : Creepage and clearance path is the "line of sight" distance shown. 

Exnmple 6 

^ Xmm 



Xmm 




Condition : Path under consideration includes an uncemented joint with grooves equal 

to or more than X mm wide on each side. 
Rule : Clearance is the **line of sight" dbtance. Creepage path follows the 

contour of the grooves. 



.. — .» — .-^ Clearance 



jii«.M'JvWiii. >ij*.i> Creepage disunce 



Fio; 3 Methods of Measuring Clearances and Creepaobs — CotUd 
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Example 7 



^Xmm 



< X mm 




Condition : Path under consideration includes an uncemented joint with a groove on 
one side less than X mm wide and the groove on the other side equal to 
or more than X mm wide. 

Rule : Clearance and creepage paths are as shown. 



Example 8 




Condition : Creepage distance through uncemented joint is less than creepage distance 
over barrier. 

Rule : Clearance is the shortest direct air path over the top of the barrier. 



Clearance 



I.",'V,".T.^'mi -H,VK Creepage distance 



Fio. 3 Methods of Measuring Clearances and Greepaoes — CotUd 
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Example 9 
^ Xmm m \ i ^ 




Gap between head of screw and wall of recess wide enough to be taken into account. 

Example 10 




Gap between head of screw and wall of recejs too narrow to be taken into account. 
Measurement of crcepage distance is from screw to wall when the distance is eaual 
to X mm. 



Clearance 



>jjL^ji.!*^..!». ^*x Crcepage dtsiance 



Fig. 3 Methods of Mea5,urino Clearances, and Creepaoes — Contd 
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Example 11 
C floating part 




CJearance is the distance d + D. 
Greepage distance is also d + D. 



— -" Clearance SSBSX^BBSOS. Crecpage distance 

Fio. 3 Methods of Measuring Clearances and Greepaoes 
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2 3 4 



6 10' 2 3 4 6 10" 2 3 4 6 1(/ 
DISTANCE IN MILLIMETRES 1 



3 * 6 10? 



(1) Case B U !*2/50 and U ran 50/60 Kz 

(2) Case A f/ 1-2/50 

(3) Case A £/ rms 50/60 Hz 

Fio. 4 Withstand Voltage for an Altitude of 2 000 m 
Above Sea Level 
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2 3 4 6 10' 2 3 « 6 10^ 
DISTANCE IN MILLIMf.TRES — ^ 



lO"^ 2 3 4 6 10^ 2 3 4 6 1 



(!) £/-l'2/50 

(2) Low limits for U = 1*2/50 

(3) £/ « 50 Ha 

(4) Low limito for (/ - 50 Hz 

FlO. 5 ExPERfMBNTAL DaTA MbASURBP AT APPROXIMATELY SeA LeVBL 

AND Their Low Liuits for Inhomooeneous Field 
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TABLE 7 EXPERIMENTAL DATA 



Cleara- 
nces IN 

AlK 



( See Fig. 5 ) 

Inhohooeneotts Field 
( PoiKT TO Plane ) 






Hohooeneot7s Fibld 
( Sphsre to Plane ) 



Breakdown voltages Low limit voltages* Breakdown voltages Low limit 

voltages 

C^-50H2 i7-l*2/50 f/-50Hz U-V2I50 t/-50 Hz U-\2I50 U-dOUzsind 

t/- 1-2/50 



(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


0-010 


— 


360 






360 


360 




0012 


- 


— 






__ 


— 




0-015 


— 


— 






— 


— 




0020 


— 


460 






430 


460 




0-025 


— 


— 






_ 


— 




0-030 


— 


560 






500 


560 




0-040 


— 


640 






580 


640 




0-050 


~ 


720 


600 


600 


650 


720 


600 


0-060 


_ 


800 


631 


674 


700 


800 


674 


0-080 


— 


930 


701 


809 


820 


930 


809 


0-10 


780 


1030 


754 


932 


980 


1 030 


932 


0-12 


— 


__ 


801 


1 041 


— 


— 


1047 


0-15 


— 


— 


863 


1 121 


— 


— 


1207 


0-20 


990 


1 500 


949 


1 234 


— 


1 530 


1449 


0-25 


— 


— 


1 041 


1 327 


— 


— 


1670 


0*30 


1200 


1670 


1085 


1410 


— 


2 030 


1876 


0-40 


1370 


1 750 


1 193 


1551 


— 


2 410 


2 250 


0-50 


1440 


1900 


1284 


1669 


2 700 


2 810 


2 600 


0-60 


— 


— 


1364 


1773 


— 


— 


2 910 


0-80 


— 


— 


1500 


1950 


— 


— 


3 500 


1-0 


1940 


2 500 


1 742 


2 265 


4 500 


4640 


4 230 


1-2 


2 300 


2 650 


I 967 


2560 


— 


5 370 


4 950 


1-5 


2660 


3 140 


2 280 


2 960 


6 000 


6 360 


5990 


2-0 


3 150 


3 600 


2 770 


3 600 


7 500 


7 820 


7 650 


2-5 


— 


_ 


3 210 


4 170 


— 


— 


9 260 


3-0 


3 680 


5100 


3 630 


4 720 


n 200 


— 


10 820 


4-0 


— 


6 700 


4400 


5 720 


— 


— 


13 830 


5-0 


5 370 


— 


5 no 


6 640 


16 800 


— 


16 740 


6-0 


— 


_„ 


5 770 


7 500 


— 


— 


19 560 


8-0 


7 920 


— 


7000 


9 100 


26 000 


— 


25 000 


♦Low limit voltage f/- 1 -2/50 


= 1-3 X 


t/-50 Hz above 012 mm 


I. 


















( Cotttmmd ) 
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TABLE? 


EXPERIMENTAL DATA — Contd 






Nt'ES IN 

Am 


iNnOMOOKNEOUS FjELD 

( Point to Plane ) 




HOMOOBHEOTTS FiFXD 

( Sfhbbk to rLANB ) 


Breakdown voltagt s 


Low limit voltages* 


Breakdown v 

.■> _ ' ..r ,■*■,, - 


oltages 


— ^ 

Low limit 
voltages 


mm 


t^-50 H2 


; [7.1-2/50 


U-50 Hz 


U-1-2J50 


i7-50Hz t7-r2/50 


U-50 Hz and 
c/-r2/50 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


lO-O 


9 480 


— 


8 470 


11010 


31700 


— 


30 700 


12-0 


10 900 


— 


9900 


12 870 


— 


— 


36 400 


15-0 


12 500 


— 


11970 


15 560 


45 500 


— 


44 700 


20-0 


15 600 


— 


15 310 


19 900 


59 000 


— 


58 300 


25-0 


22 000 


— 


18 520 


24100 


— 


— 


71700 


30-0 


27 600 


— 


21 600 


28 100 


86 000 


— 


84 800 


400 


33 900 


— 


27 700 


36 000 


112 000 


— 


110 700 


50-0 


38 900 


— 


33 500 


43 600 


138 000 


_ 


136 000 


600 


43 100 


— 


39 100 


50 800 


164 000 


— 


161 000 


flO-0 


52 300 


— 


50 000 


65 000 


215 000 


— 


210 000 


♦Low limit voltage t/- 1*2/50 


= 1-3 X t;-50 Hz above 0-12 mm. 







Nf>TE 1 — Experimental data in volts measured at approximately sea level and 
their htw Jimits. The values are obtained under ultra violet exposure. 

NoT£ 2 — Values in bold show breakpoints of line 4 in Figure 5. 



APPENDIX A 

( Clauses 1.3, 5.1, 5.2, 5.4.0 and 7.1 ) 

ALTITUDE CORRECTION FACTORS 

A-0. Paschcii's Law — The Paschen*s law states that at a constant tem- 
perature and above the Critical pressure the breakdown voltage is a 
function only of the product of the gas pressure and the distance between 
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parallel plane electrodes. Values of multiplication factor, corresponding to 
the pressures at different altitude are as follows: 

Altitude 



m 



500 

1000 

2 000 

3 000 

4 000 

5 000 

6 000 

7 000 

8 000 
9000 

10 000 
15 000 
20 000 

A-1. Conduction Through a Gas — The conduction through a gas 
may be initiated in different forms classified as follows: 

a) Corona, 

b) Glow dischage, 

c) Spark, and 

d) Arc. 

• 

One form may give place to another in quick succession, depending 
upon attendant conditions. Arc formation depends upon the presence of 
an electric field which tends to strip 'electrons from the positively charged 
nuclei of the atoms of the gas between electrodes. Under the right condi- 
tions, these electrons collide with other electrons and release them from 
their atomic bonds in a cascading fashion. The net result is a flow of 
electrons, that is, electric current and arc discharge. 

4S 



Normal 

Barometric 

Pressure 


Multiplication Factor 
for Distance 


kPa 




101-3 


0-79 


95-0 


0-84 


90-0 


0-89 


80-0 


1-00 


700 


114 


620 


1-29 


54-0 


1-48 


47-0 


1-70 


410 


1-95 


35-5 


2-25 


30-5 


2-62 


26-5 


3-02 


120 


6-67 


5-5 


14-5 
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A-2. Dielectric Breakdown of a Gas — The dielectric breakdown of a 
gas in a uniform electric field depends upon the product of the gas 
pressure and the electrode spacing { Paschen's law ) for a given gas mix- 
ture, electrode shape and material. The peak value of the minimum 
sparking potential {U) for some gases is as follows: 



Air 327 V 

Nitrogen ( N^ ) 251 V 

Hydrogen (Hg) 273 V 

Oxygen ( O2 ) 439 V 



Carbon dioxide ( CO, ) 419 V 

Helium ( He ) 156 V 

Acetylene ( CH, ) 468 V 

Sulphur dioxide ( SO» ) 457 V 



APPENDIX B 

( Clause 3.8.1 ) 

MEANS FOR TRANSIENT OVERVOLTAGE CONTROL 
( SURGE ARRESTER DEVICES ) 

B-0. For the purpose of this Guide, surge arrester devices are to protect 
given clearance values from sparkovers which may be caused by ovcrvol- 
tages. 

From Appendix A, it can be seen that a clearance in air vrill with- 
stand a standard 1 -2/503 impulse, depending solely upon the electrode 
configuration and air pressure. 

B-1. Table 2 shows the most unfavourable Case A, that is, the most non- 
uniform electric field conditions, and the most favourable Case B, that is, 
the most uniform electric field conditions to withstand given values oif 
impulse voltages. 

Conversely, Table 3 shows withstand values of impulse voltages for 
Case A and Case B electric field conditions for given values of clearance. 
Corresponding rms and peak values of voltage are also given. 

It follows, then, that every clearance is actually a spark-gap device, 
and that each clearance has an impulse withstand voltage capability 
ranging from Case A to Case B values, dependent solely upon electrode 
configuration { at a given air-pressure or altitude ). 
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id' 



2 3 4 6 10 



2 3 4 6 10 2 3 4 e 10 
DISTANCE IN MILLIMETReS- 



2 3 4 8 10 

^ 



(1) U = 1-2/50 

(2) LT » 50 Hz by PaKhen 

(3) Low limits for {/ — 50 Hz and U 



1*2/50 



Fig. 6 Experimbntal Data Measured at Approximately Sea Level 
AND Their Low Limits for Homooeneovs Field 
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B-2, It is, therefore, evident that clearances sparkover when impulse 
voltages exceed the impulse withstand voltage capability. In electrical 
systems having no specific surge arresters for the purpose of preventing 
sparkovers, clearances sparkover when the withstand voltage capability is 
exceeded. The result of sparkover may be insignificant or catastrophic 
depending upon the amount of impulse energy to be dissipated, the power 
frequency voltage, and the available power follow current, etc. The follow 
current resulting from a sparkover may also affect the performance of 
insulation materials. 

The simple spark gap in air, or clearance, can be used as a surge 
arrester to protect other clearances from sparkover due to ovcrvoltages, 
when used within its limitations, 

B-3. The occurrence of power-follow-current due to an impulse voltage 
sparkover is unpredictable, as it depends upon the time relationship of the 
impulse sparkover and the power current in the circuit, the ionization 
present between electrodes due to the impulse sparkover, the configuration 
of the electric field between the electrodes, the electrode material as well 
as the surge impedance characteristic of the circuit. 

Another practical consideration is the breakdown voltage of the air 
gap. From Table 2 it can be seen that the minimum peak value of impulse 
voltage is 330 V, for a 0*01 mm gap. This is a rather impractical design 
criteria. A more practical minimum dimension might be 0*5 mm, which 
will withstand 1 500 V impulse. Therefore, if small values of clearance 
less than 05 mm are to be protected, the simple air-gap might be 
impractical. 



APPENDIX G 

(Clause ^,0) 

APPLICATION GUIDE FOR CLEARANCES AND INSULATION 
CO-ORDINATION BASED ON CLEARANCE 

G-1. There are several ways in which technical committees may use the 
recommendations and data presented in this report. 

A rated impulse withstand voltage may be established for all present 
equipment based on the clearances used, by reference to Case A, in Table 
2. A technical committee may aJternatively establish a rated impulse 
withstand voltage for equipment using controlled design parameters and 
production techniques by specifying testing with an appropriate impulse 
test. 
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The technical committee should consider the transient overvoltage 
conditions to which the products will be subjected. 

G-2. When transient ovcrvoltages are controlled in the electrical system at 
the location where the product will be connected, the controlled value 
becomes the value or at least the minimum value of rated impulse with- 
stand voltage for the product line. 

When transient ovcrvoltages are not controlled in the system, the 
technical committee should consider the consequence of the appearance of 
transient ovcrvoltages in excess of the rated impulse withstand voltage. 
Consideration should be given to the provision of or the specification of the 
use of voltage limiting means at the line terminals of the equipment. It 
should be recognized that in some circumstances a clearance between 
conductive parts may be used as a transient overvoltage limiting means, 
if the clearance and the electrodes are appropriately evaluated. 

C-3. The technical committee may utilize clearances from Table 2 based 
on the control of transient ovcrvoltages within the equipment, either 
those coming from the supply circuit or those generated within the equip- 
ment. If desired the technical committee ma[y utilize the complete series 
of values, with interpolation, given in Table 2, or alternatively, impulse 
withstand or equivalent ac ( rms ) withstand tests as defined in Appen- 
dix A may be used to confirm the presence of adequate clearances, dc 
withstand test voltages may be considered to be same as the peak ac 
values given under Case A in Appendix A. 



APPENDIX D 

( Clause 12.1 ) 

EXAMPLE OF DIMENSIONING PROCEDURE FOR 
CLEARANCES AND CREEPAGE DISTANCES 

D-0. In order to achieve insulation co-ordination within an equipment or 
an electrical system, initio conditions need to be stated from which 
decisions are made to determine minimum clearances, creepage distances 
and nameplate marking, where appropriate. 

Initial conditions to be stated by the technical committee and/or 
the manufacturer: 

— rated voltage, rated insulation voltage or working voltage ( see 
2.3, 2.4 and 2.7 ); 
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— installation category ( location of equipment within an electrical 
system ) ( Figure I ); 

— pollution degree ( see5»3*l ). 

The following procedure is suitable only for operational or basic 
insulation. 

D-1. DERIVED CONDITIONS 

Step 1 — From the equipment nominal voltage of the supply 

system, determine the corresponding voltage reference value, phasc-to- 
earth, from Table 6 or 7. 

Step 2 — Using the phasc-to-earth reference voltage derived in 
Step 1 and the stated installation category, determine the rated impulse 
withstand voltage from Table 1. Use the nearest higher phase-to-earth 
voltage value given in Table 1, For equipment having several installation 
categories, determine the lowest and highest impube withstand voltages. 

Step 3 — Using the highest rated impule withstand voltage from 
Step 2 and the stated pollution degree, determine the Gases A and B 
clearances from Table 2. 

Step 4 — From the equipment nominal voltage of the supply 
syst«n, determine the corresponding voltage reference value, phase-to- 
phase, from Table 6 or 7. 

Where the working voltage across the insulation is known, that 
voltage can be used in Step 5. 

' , '' " 

Step 5 — Using the voltage reference values from Step 1 and Step 
4 or the working voltage, the stated pollution determine the creepage 
distances from Table 5 for the appropriate material group. 

The material group is decided by the equipment manufacturer. 

Step 6 — Check the minimum creepage distances with associated 
clearances. The creepage distance shall be not less than the associated 
Cafc A clearance ( with the exception, j»« 9.1, second paragraph ). 

Identifying Data — For insulation co-ordination, the rated insulation 
voltage (^see 2.4 ) and the rated impulse withstand voltage ( see 2.5 ) are 
required. 
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Technical committees should decide whether identifying data is to 
be made available with the equipment or in relevant specifications. 

Where complete marking is appropriate, the nominal voltage(s) of 
supply system for which the equipment is intended is ( are ) the first 
mtmber{s) stated and the corresponding rated impulse withstand voltagc(s) 
is ( are ) the second numb4r(s) stated. 

Example 1:220138016 kV 

Explanation of Example 1 — The first numbers, 2201380, indicate 
that the creepage distance to earth is appropriate for 220 V and between 
phases for 380 V and the equipment is suitable for a four-wire earthed 
neutral system of supply. The second number, 6 kV, is the rated impute 
withstand voltage of the equipment. The combination of 220 V to earth 
and 6 kV impulse withstand voltage indicates equipment suitability for 
installation category IV ( see Table 1 ). 

ExampU 2: 2201380 / 2-5-6 kV 

Explanation of Example 2 — Th^ first numbers have the same meaning 
as in example 1. The second numbers, 2*5-6 kV, indicate that the equipment 
has a 6 kV impulse withstand volts^^c and will not generate overvoltages 
in excess of 2-5 kV ( seeSS), The combination of 220 V to earth and 
2-5-6 kV impulse withstand voltages indicates equipment suitability for 
installation categories 11/ III and IV ( see Table I ). 

NoTX -^ In additkm, in some instances, it may be desirable for the manufac- 
turcr to state the riited insulation voltage(s) { s9$iA). In the examples above, 
this would be 250 V phase-to-earth and 400 V phase-to-phase ( su Tables 7 
and 5). 

D-3. A dimensional procedure worksheet, useful for recording the dimen- 
»onal procedure decisions is given in Table 8. 

Table 8 is a worksheet useful for recording the dimensioning proce- 
dure decisions under stated initial conditions for specified equipment. 

In addition, Table 8 has space provided to record emptr^l datli 
recording clearance and creepage distances. Comparison of empirical data 
with the minimum values determined from the dimensioning procedure 
will enable evalution of past and present practice with clearances and 
creepage distances determined for a coordinated insulation system. 
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TABLE 8 DIMENSIONING PROCEDURE WORKSHEET 

( Clause D-3 ) 



EgniPHBHT 



(1) 

Stated conditions 
( ses Note 1 ) 



PABMfBTKBS VOLTAOB VaLUB 

DiSTAHGBS 

(2) (3) 

Nominal voltage of supply system — 
( rated voltage } or working 
voltage 



Source 



(4) 



Rating plate or manu- 
facturer's data 



Installation category 



Pollution degree 



Fig. 1 



5.3.1 



Derived coditions Clearances for: 



Step 1 



Phase-to earth voltage 



Table 1 



Step 2 



Rated impulse withstand voltage 



2.5 and Table 1 



Step 3 
Step 4 



Clearance case A 
Clearance case B 



Table 2 
Table 2 



Voltage reference value: 
Phase -to-earth 
Phase-to-phase 



Table 6 or Table 7 



Step 5 



Creepage distance for: 
Material group X 
Phase-to-earth 
Phase-to-phase 



Table 5 and 9.4.2 



Material group II 
Phase-to-earth 
Phase-to-phase 



M.2 



Material group Ilia 
Phase-to-earth 
Phase-to-phase 



9.4.2 



Material group Illb 
Phase-to-earth 
Phase^to-phase 



9.4.2 



Step 6 Check minimum creepage distance 
case A clearance for each mate- 
rial group 



Identifying data ( name plate ) 



According to specifica- 
tion of the Technical 
Committee 



Empirical data Clearance 



Creepage distance 



NoTB 1 — Identical stated initial conditions must be assutned in order to make 
valid comparisons. 
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mttHMATtONAL SYSreil OF UMITS ( SI UHltS) 



!••• Unite 










OCMOf/|p 


Unit 


Symbol 






Langtli 


m9tr9 


m 






Hast 


kilogram 


kg 






TlflM 


second 


a 






Electric current 


ampere 


A 






Thermodynamic 


kelvin 


K 






temperature 










tumlnoue Intensity 


candelB 


cd 






Amount of substance 


mole 


mol 






Siipplamantary Unite 










Quantity 


Unit 


Symbol 






Plane angle 


radian 


rad 






Solid angla 


steradlan 


sr 






Oarlvad Units 










Quantity 


Unit 


Symbol 




09ftstitlon 


Force 


newt on 


N 




N - 1 i(g.m/ss 


Energy 


loule 


J 




J « 1 N.m 


Power 


watt 


W 




W «. 1J/S 


Flux 


areber 


Wb 




Wb - 1 V.S 


Flux density 


tesla 


T 




T^ 1 Wb/m« 


Frequency 


hertz 


Hz 




Hz -. 1 c/s (s-») 


Electric conductance 


Siemens 


S 




S - 1 A/V 


Electromotive force 


volt 


V 




V - 1 W/A 


pressure, stress 


paacal 


Pa 




Pa - 1 N/mi 
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